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Br.lsslrity  of  Of  fused  p-a  Transition 


I  * 

|  Tu.  0.  TJthoryk 

♦ 

The  distribution  of  current  carrier  concentrations  in  a  diffused  layer  of  send- 

l 

conductor  p-n  transition*  obtained  by  the  method  of  thermodif fusion  ,  has  been  discussed 

An  expression  for  the  emisslTity  of  p.-n  transition  has  been  introduced* 

Problems  concerning  the  distribution  of  concentrations  and  currents  in  a  flat 

JciptiO^r  - 

semiconductor  diode  have  been  thoroughly  investigated  by  — -  jlj,  who  showed* 

that  tha  injection  coefficient  gamma  depends  upon  the  structure  of  p-n  transition, 
and  is  a  function  of  the  current*  whereby  with  a  rise  in  current  gamma  is  directly 
proportional  to  the  boundary  value  Saaaa^ound  ^  **  which  is  designated  by  values 
(ratios)  b  of  mobility  of  tha  nonbasic  and  baaio  current  carriers  in  the  basic  zona 
of  the  diode*  Approximations  of  gamma  to  ga™®  bound  are  possible  frcm  top  and  bottom 
depending  upon  the  endssivity  vain e/J*  The  author^  having  developed  the  criterion 
of  great  emisaivity  applied  same  in  the  zone  of  not  too  high  currents  gaums 1 
for  oases  of  linear  and  exponential  distributions  of  alloying  admixtures* 

High  Q)  values  are  especially  important  for  pulsed  diodes»in  which  considerable 
base  conductance  modulation  should  be  attained  in  order  to  obtain  low  direct  resistance* 
Hut  real  flat  pulsed  diodes  are  ordinarily  obtained  by  tha  diffusion  method 
it  is  therefore  very  important  to  have  proper  criteria  also  for  the  distribution  of 
admixtures*  inherent  to  diffusion  diodes* 

This  investigation  is  devoted  to  the  study  of  emiasivity  of  diffusion  p»a  transi¬ 
tion*  It  is  assumed,  that  the  p-n  transition  is  formed  by  the  diffusion  of  donors 
in  a  hole  semiconductor.  Tho  concentration  of  donors  decreases  with  removal  from  the 
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boundary  in  accordance  with  the  law  erfc^P  Di  t  where  x  -  distance  frcn  boundary* 
.  D  •  coefficient  of  diffusion  of  donors  and  t  -  time  of  diffusion  annealing* 


N  =•—  .  Z~-.  »■ 


Me  will  introduce  such  dimensionless  designations! 

,  z*-?; 

P,  P»  b 

=-A_, 

e*rPp' 


n  —  B-  = 

beh,-p,-* 


i  y=»  — ; 

^  W«  4*t 

More  n*p  andSv-  concentrations  of  eleetronat  holes  and  donor  respe ctively*  Pp  •  cqtxlr- 

librium  concentration  of  holes  in  the  baae*1^  -  equilibrium  concentrations  of  electr- 

i 

omy  in  p~zone  and  holes  in  xwzona*  Jp  and  Jj^-  densities  of  electron  thole  and 
total  currents  respectively*  B»electrie  field  intensity*  e-electron  charge |  k-Boltzaann 
constant*  T-absolxite  temperature j  c  -  dielectric  permeability*  life  span  of  current 
carriers*  ^-specific  resistance  of  base  at  low  level  of  injection#  x  7 

length  of  screening. 

Tn  conformity  with  the  selected,  designations  of  diffusion^drift  equation  far  el¬ 
ectron  end  hole  currents,  the*  law  of  preservation  of  the  number  of  holes  and  Poisson 
equation  for  the  n-zono  of  the  diode  is  written  as  follows  t 

dN 


fl.  «**  —  NY  —  ■ 


(1) 

(2) 


<8  ’ 

=  A  (NZ  —  N'T?)  ~  ANZ,  (3) 


—  =  N  —  Z-v+l. 


«> 


distribution  of  donor  concentrations  in  the  n-layer  is  expressed  by 


»  —  v.  erfc  — ,  i 

a 


where 


®  =  2x  YUt. ! 

We  will  break  up  the  n-layer  into  three  zones  (see  drawing)  j  0*xi</  xi^xl^  xiiL. 
Hg  and  xi^  / -H  ^  -h0,  where  corresponds  to  the  center  of  p-n  transition*  and 
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z&  ■  O-metal  contact*  whereby  points  xi^  and  xlg  will  be  selected  so  that  at  >A4  *1^ 
it  will  be  possible  to  approximate  the  distribution  of  donor  concentrations  by  the 
linear  function*  and  restrict  ourselves  to  the  first  meBfcer  of  the  schedule 


in  which  it  is  also  possible  to  confine  ourselves  to  the  first  member)  It  can  be  shown 
easily  that  the  adopted  approximations  offer  an  error*  which  does  not  exceed  5%  at  xij“Q*<'V > 

i 

and  adj  »  3«* 

In  the  first  zone  (04x1,/  x±^)  we  will  obtain  a  linear  distribution  of  donor 
concentrations  -  case  investigated  by  K*B«Tolpigo(l']  *  the  solution  of  which  ve  have 
utilized*  It  has  the  fans  of 

<8) 

where  -  transparency  of  the  contact  for  holes  and  N*=N  (xl*)*  whereby  xi*  -  a  cer¬ 
tain  point  in  quasineutral  pvzona* 

Ve  will  now  examine  the  zone  rig  4  ad 4  x±0*  Disregarding  the  volumetric  charge,  9 
we  will  write  equations  (4)  in  form  of 

!  AT-Z=*-I.  (9) 


Differentiating  (9)  by  xi  and  substituting  the  result  in  the  expression  for 
obtained  by  subtracting  (l)  from  (2)*  we  will  designate  the  fields 


(10) 


-3-2  2A,+  !  V^'L 

where  qa.xj£,  Since  ve  are  interested  in  the  high  emissivlty  criterion  it  is  sufficient 
only  to  consider  the  ease  of  weak  currants*  For  this  vs  will  writ# 

""L^=X'  (to*')' 


Thsn 


2W  +  1 


(H) 
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Substituting  this  expression  in  (2)  and  siregardlng  Bp  wo  compare  same  vith  other 
tern,  and  obtain  ^ 


di 


2Z-1+-^  e-*f 


(12) 


Solution,  which  is  easily  obtained  by  substituting 


z=yu(y), 


which  acquires  the  fora  of 


(13) 


•  Z- (Z-l+v)=/VZ=consl. 

This  result  is  also  in  agreaaent  with  that  obtained  in^l"^  for  the  ease  of  linear 
distribution,  of  donor  concentrations.  In  this  way,  in  two  boundary  zones  of  transient 
layer  we  obtained  solutions,  which  are  in  a  greets  at.  Ve  will  assume,  that  solution  (13) 
can  be  applied  also  for  the  zone  where  xL^£_  xi  ^.xig*  tbat  i3  valid  for  all  xi  values 
(validity  criteria  of  such  an  approximation  will  be  obtained  later  on  )•  lhen 

+  (14) 


hence  the  emissivJty  of  p-n  transition 


*(0) 


»+*. 


am' 

Q+ 


(15) 


which  is  in  conformity  with  formila  (26)  of  report  • 

Ve  shall  evaluate  the  accuracy  of  the  made  approximation. For  which  it  was  possible 
to  write  HZ  »  const  for  which  it  is  necessary  that 


NZ» 


li* 


(16) 


;(/V7)d5|. 

The  value  dbd.  (NZ°)  can  be  desi&iated  so.  Ve  will  sultiply  (1)  by  Z,  and  (2)  by  N 
and  compile  the  obtained  equations.  Then  we  will  substitute  in  the  found  expression 
the  value  Bp  from  (3),  where  will  be  written 

/VZ-ATO+AT',  (17) 

and  * 

Applying  (9)  and  (17), we  will  obtain 


'as 
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f 


A(ATZ) 

at 


■ - 7b - **  + "  2*  *+; 


2*  J 


l^v  —  1)*  +  4AP  (1  +  W)  -  *|  <ft  - 


— J  IKd  - i)»  +  4Ar  (l  +  W)  -  v)  - 


28 


B, 


^  flV(v-l)*  +  4A',(l+Af ')  +  *)<«- 


i 

d/ni+AQ 

2 


1 1|/"  (v  - 1)* +4AT  (1  +W')  +  »J  W*.  (18) 


V«  will  erraluate  the  integrals, which  are  included  in  (18)«  Va  will  notice  that 

/(,_1)«  +  4/V'U+"A0  +  v  -(It «,) 


monotonously  increasing  and 


K(v  -  l)*+4A/'  (1  +  AT)  — » 


monotonously  decreasing  function  9  and  for  this  are  ralid  inequalities 
f  t/(v  -  1)»+ 4W'  0+  W)  ~  ^  ^  [2KAT  (1  +  AO  “  *1^  (19* 


|  |y/(7 _  i )>-J-4A''  (T  +  N')  -  »1  W5 ,«£  (2  VN‘  U  +  tfl  —  1 1  & 

f  yy$  _ 1)1 4-  4AF0  +  AT)  +  v)  di  *=  2»,«*  (21> 

•  •  S, _ 

I  (]/(,  — 1)’  +  4^'(1+^')  +  *1  Ss  2v«5»* 


(22) 


(  It  is  assumed  that  rQ  ^  1,  H*  (1+N,)|  r(xl0)“=l)i  Using  the  inequalities  (l9)-(22) 
ve  will  only  magnify  the  inequality  (l6) ,  It  can  therefore  be  written  that 

NZ  »  v,  |  ^/V'  (1  +  N')  U  +  Bf  (0)5,1.  (23) 

Substituting  in  (23)  Bp(0)  fran  (8)  and  writing  that  N(0),ve  will  finally  obtain 

1 »  Q+?«  +  Atl  N (0)-  (24) 


With  an  accuracy  to  constant  multiples  of  the  order  of  a  unit  of  criterion  (24)  agrees 
with  the  analogous  criterion  (28)  in  report 

In  addition  to  above  statement,  in  the  invest!^ tion  was  also  utilized  another 
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approximation,  and  it  was  assumed,  that  in  the  zone, which  confines  itself  to  p-a  trans¬ 
ition  4.xi0),  the  hole  current  can  be  disregarded.  At  gaianad  l  this  is 

equivalent  to  the  requirement  of  low  thickness  of  this  ztae  as  compared  with  x^,  l,e, 

i  '•-s.«s'Y4y <v)  *.«* 

Sines  erfe  alpha  at  alpha  3  decreases  rapidly  with  a  rise  in  xl  this  restriction  is  not 
actual.  True,  already  at  xiQ««xi2  B  0*6  a  ^.xjg  we  will  obtain  ®  2*10^,  then  as  usually 
-*o  does  not  exceed  lo4»l()5, 

lhe  criterion,  that  at  weak  currants  the  injection  coefficient  is  dose  to  one,  is 

!  ,  40(0)30.  (25) 

It  can  be  seen  easily,  that  criterions  (24)  and  (23)  are  in  practical  conf orndty,Sincs 
<  we  cure  interested  only  in  the  case  of  large  /3»  we  will  not  consider  an  opposite 
ease,  when  these  criteria  are  disrupted. 

We  have  to  explain  at  what  currants  is  realized  the  condition  gesme  d  1,  The  proper 
criterion  for  strong  currents  will  bo 
;  .  (26) 


During  the  realization  (25) 


For  nil  la  (26)  will  then  be  written  as 


0/)  ••page  4^0 


A5* 


Otherwise  at 


An 


(27) 

(28) 


garma  tends  directly  to  the  boundary 

# 


;  M) 


In  conclusion  we  will  mention,  that,  as  Is  evident.  fraajVj  the  eoisaivity  et 

P-a  transition  in  ease  of  linear  distribution  of  admixtures  should  be  the  higher, 

-  d-a 

the  greater  cbd  ,  For  the  diffusion  p^n  transition  dx£  -  variable  value,  which  reaches 
value  when,  xl  ■  0,  Consequently  also  in  thi3  case  remain  valid  the  conditions 
for  a  rise  in  (tlrith  a  rise  in^dxi^  xl  ■  0,  We  will  also  point  cut, that  because  of 


FTD-I’IV62-l843A+2 


6 


impossibility  of  accurately  evaluating  the  value  dxl  (HZ)  is  the  zone  xi^  xi^xij 
the  requiremaita  of  criterion  (24)  are,  apparently,  higfely  dependent,  i,e,  at  other 


iiMfwm  conditions  the  aaisaivity  of  diffusion  p»n  transition  should  be  such  higher, 

!  I 

than  during  linear  distribution  of  ednLrtureai 

The  author  expresses  thanks  to  Cand ,of  Ry  3-Math,  Sc  »K# P.Tolpigo  for  a  number  at 
valuable  advices, 
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